The development of liver lesions in mice infected with Ascaris mum is described and compared to the lesions in pigs. The findings suggest that liver necroses in mice are initially periacinar (centrilobular), caused by anoxia resulting from a vascular obstruction by the A. suum larvae located in the sinusoids; and that the lesions in pigs following a primary infection have a different pathogenesis. It is concluded that mice are unsuitable models for studying the pathogenesis of A. suum-induced liver lesions in pigs.
The common occurrence of the large intestinal nematode Ascaris mum in pigs and the great medical and economic problems involved have promoted intensive research in porcine ascariasis for decades. The main lesion seems to be the liver damage ("milk spots") caused by the migrating larvae in infected pigs.
Larval A . mum infections can be established easily in laboratory animals such as rats, guinea pigs and mice, and for years these animals have served as models for an understanding of larval ascariasis in pigs, particularly the immunological aspects. The suitability of small laboratory animals as models for ascariasis in pigs never has been questioned; on the contrary, it was concluded after studies on the development and migratory patterns of A. suum larvae in mice, guinea pigs, rabbits, and pigs, that the first three species were suitable models and that their use was justified [8] .
I have carried out many experimental A. suum infections in mice to study various aspects of the larval migration [l-51. The results of these studies suggested that although the migratory pattern as such is similar in pigs and mice, the pathogenesis of the liver lesions may be different. This concept, however, was based upon fragmentary observations from various studies; a study of the sequential events in the development of the liver lesions from a few hours to two weeks after a primary infection became necessary. The results thus obtained were to be compared to what was known from similar investigations in pigs.
Materials and Methods
Twenty mice (NMRI/Bom) weighing 24 to 26 g were infected via stomach tube with 1,000 infective eggs of A . mum [ 11. The mice were housed conventionally in groups of six to eight in plastic cages, and had free access to water and commercially manufactured pellets.
The mice were anaesthetized with ether and killed by decapitation 4, 6, 8, and 12 hours and 1, 2, 5, 7, 12 and 14 days after infection. Two uninfected mice killed on day 0 served as controls.
At necropsy, the liver and lung were removed and the gross lesions recorded. The liver was fmed in 10% neutral buffered formalin. Specimens of the right and left lobes were embedded in paraffin, sectioned at approximately 6 pm, and stained with hematoxylin and eosin (HE), and a modified HE stain to detect eosinophils [lo] . Selected sections were stained with periodic acid-Schiff (PAS) for fibrinoid, and Mallory's phosphotungstic acid hematoxylin method for fibrin. The lungs were not examined histologically.
Results
Grossly, the livers of uninfected controls were normal, as were the livers of infected mice 4, 6 , 8, 12 and 24 hours after infection. By day 2, the livers of infected mice had a moderate number of gray spots on the surface, and by days 5 to 7 the numbers had reached their maximum, giving the liver a mottled appearance. The liver looked almost normal again by day 12, and completely normal by day 14. The visceral and parietal surfaces were affected equally, and no hemorrhages were seen at any time.
The lungs of infected mice killed on days 5 and 7 had negligible petechial hemorrhages. All other lungs were normal.
Histologically, the livers of the uninfected controls showed no lesions. At four and six hours after infection, the livers of principals looked like those of the controls. By hour 8, one section of a larva was found in a sinusoid ( fig. 1 ). No distinct endothelial lining could be seen, but the adjacent liver cells were flattened. A few heterophils were located at one side of the larva. The rest of the liver showed no changes.
By hours 12 and 24 after infection, the liver contained two different types of lesions. One type ( fig. 2 ) consisted of randomly scattered small foci of mononuclear cells, heterophils, and eosinophils. The foci often were near the periportal areas. No larvae were seen in these lesions. The second type of lesion ( fig. 3 ) consisted of discrete periacinar necrosis in stellate areas around central veins, with necrotizing processes encroaching a short distance toward the triads. Hemorrhage was only slight in areas of necrosis. Two days after infection, when gross lesions were first visible, there were more accumulations of cells and more and larger areas of necrosis. Again, hemorrhages were only slight in the necrotic areas. A few granulomas were seen, some containing larval remnants ( fig. 4 ). The cells of the granulomas were predominantly macrophages with some granulocytes and foreign body giant cells.
The changes in the liver were much more severe by day 5 (fig. 5 ). Confluent areas of necrotic parenchyma were seen throughout the liver, corresponding with the gray and mottled gross appearance of the liver. The confluence of lesions to some extent masked the stellate configuration of the periacinar necroses, and often, necrotic areas connected central veins with portal triads. The necrotic areas were partly infiltrated with mononuclear cells, heterophils, and eosinophils in moderate numbers. Small aggregates of erythrocytes were common in the centers of the areas. A few granulomas were present, containing mononuclear cells, heterophils, eosinophils, and giant cells. No larvae were found in these granulomas. One larva, however, was found in a sinusoid, with no accompanying cellular reaction ( fig. 6) . Apart from being a little flattened, the adjacent liver cells looked normal. By day 7, the lesions were almost as severe as on day 5, but the cellular infiltrates in the necrotic areas seemed more pronounced in places, and eosinophils were numerous. Hemorrhages were absent or only slight in the necroses. Many foci of mononuclear cells and eosinophils were found in the periportal areas, in the triads, and in the walls of some central veins. Cross and longitudinal sections of larvae were seen in sinusoids. The endothelial lining was distinct in places. The larvae were not surrounded by any cellular reaction and they were not associated with the necrotic areas ( fig. 7) .
By day 12, the liver had returned to almost normal. Necrosis was almost absent, and the remaining lesions were confined to a few minor accumulations of mononuclear cells and eosinophils around central veins and in triads. By day 14, the process of repair and restitution was virtually complete. Isolated lymphocytes and eosinophils were scattered in triads, in periportal regions and along central veins. There was no sign of post-necrotic scarring or any other proliferation or formation of fibrous tissue in these livers.
Throughout the experimental period, the vessel walls and the sinusoids around larvae showed no fibrinoid changes or localization of thrombi, as judged from PASand phosphotungstic acid hematoxylin-stained sections. 
Discussion
This investigation has shown that gross liver lesions in A . suum-infected mice are not visible until the second day after infection, and that the gray mottling evident five to seven days after infection is reflected histologically in periacinar necrosis and cellular infiltrates. Necrotic liver changes and various cellular infiltrates and granulomas in perivascular, periportal and intralobular regions have been described in primary A . suum infections in small laboratory animals, including mice [2, 13, 14, 18, 21, 221 . No characteristics of the necrosis were given, but it has been accepted that the necrotic areas represent migratory tracts of the larvae. This study indicates that the liver necroses in mice are not traumatic lesions caused by migrating larvae, but periacinar necroses caused by parenchymal anoxia. This conclusion is based on the facts that: the initial stage of the necrotic process is first detected around the central veins, said to be typical of periacinar necrosis [ll]; and the restitution of the parenchyma is completed rapidly without any fibrosis, which is also suggestive of periacinar necrosis [ 1 11 . Other facts contradict the suggestion of a directly traumatic nature of the necrosis: the severity of the necrosis culminates about three days after the maximum number of liver larvae is reached, which is about two days after infection [2] [3] [4] 6, 8, 12, 17, 18, 201 , indicating a delay in the occurrence of the necrosis; the necrosis is not seen first near the portal triads, where the larvae enter the acini; and larvae are found at some distance from necrotic areas. Finally, if the larvae actually were boring their way through the parenchyma from portal veins to central veins regardless of the vascular bed, they would be expected to cause pronounced intra-acinar hemorrhage, which never was present.
This study draws no definite conclusion as to the pathogenesis of the anoxia mentioned above, but a clue could lie in the observation that larvae are found in the sinusoids, where they may obstruct the blood flow for some time, lowering oxygen tension. The negative results of the PAS and phosphotungstic acid hematoxylin stains indicate that the obstruction is not accompanied by fibrinoid changes or thrombosis in sinusoids or other vessels. The lack of congestion in the liver indicates that anoxia from congestion is not likely to be responsible for the necrosis. The low infective dose of 1,000 eggs was chosen deliberately to avoid a state of clinical larval ascariasis that would interfere with the liver changes. Therefore, the fact that the pulmonary changes on days 5 and 7 were negligible indicates that anoxia from anemia is not likely to have caused the necrosis, although blood counts were not made to support this. Other authors have found free larvae in the liver of mice, guinea pigs, and rabbits, unassociated with any local cellular infiltrate or necrosis, but no mention has been made of the precise location of the larvae [2, 21, 221 .
The lesion described as randomly scattered cellular infiltrates probably has another pathogenesis, as have the granulomas seen after day 2. The former could be independent of the A . suurn infection and represent small nests of different cells often seen in normal mice. However, they both may be caused by larvae that during their normal passage from portal veins to central veins accidentally get outside the sinusoids and are retained in the parenchyma, thus causing an intense cellular and granulomatous reaction.
There are great differences between these findings and what is known of the development of A . suurn-induced liver lesions ("milk spots") in pigs. In contrast to the events in mice, the early lesions in pigs are characterized by numerous subcapsular [7, 9, 15, 16, 18, 191 Time of complete restitution Days 40-42 [7, 191 Bracketed numbers refer to text references. Present findings.
Day 2
No hemorrhages; mottled from day 2 Days 5-7 Periacinar None Day 14 and deep hemorrhages reflected histologically in often massive hemorrhages in the acini [7, 15, 16, 18, 191 . These changes occur concurrently with the peak number of larvae in the liver. Necrosis as described in mice never has been reported in pigs. Within a few days after infection there is an intense thickening of the septa, and severe eosinophilia [7, 9, 15, 16, 191 . Larvae are found in cellular accumulations, and only occasionally in the sinusoids [7, 191 . Complete recovery and repair occur about 40 days after infection [7, 191 , far later than in mice.
Comparing the main features of the development of the lesions in mice and pigs (table I), we may conclude that the pathogenesis is different in the two species, and that mice are unsuitable models for studying the pathogenesis of A . suum-induced liver lesions in pigs.
